In Jamesbrittenia microphylla (L.r.) Hilliard, the anther is bilobed, bilocular and bisporangiate. The microsporangium wall comprises epidermis, endothecium, middle layer and tapetum. Cytokinesis of pollen mother cells is simultaneous. Microspore tetrads are tetrahedral. The triaperturate pollen grains are shed at the 2-celled stage. Ovules are anatropous, tenuinucellate and unHegmic. The development of the embryo sac is of the Polygonum type. An endothelium surrounds the mature embryo sac. Endosperm development is ab initio cellular. Both chalaza I and micropylar haustoria are well developed. The chalazal haustorium is 2-celled and the micropylar haustorium is 4-celled. These results are compared with earlier work in the Manuleae tribe and the close relationship between Manuleae and Selagineae is emphasized.
Studies on the development of gametophytes and endosperm in lamesbrittenia microphylla (Scrophulariaceae) with reference to its systematic position
Introduction
The tribe Manuleae of the Scrophulariaceae has recently been revised taxonomically; it includes 17 genera and 344 species (Hilliard 1994 Benth.] , and ZallIziamkya capellsis (L.) Walp. Crete (1948) studied the development of endosperm and embryo in S. foetida; he recorded a 2-celJed chalazal haustorium , a 4-celled micropylar haustorium in the endosperm and the Onagrad type of embryo development. In a su bsequent article (Crete 1949) , he examined the endosperm developmen t in L. violacea and noted that both the chalazal and the micropylar haustoria have four uninucleate cells. Later, Juo ett (1962) studi ed the embryology of L. viofacea, S. foetida and Z. capensis and noted a 2-celled chalazal haustorium in all three taxa. Mestre and Guignard (1969) recorded the Onagrad (= Crucifer) type of embryo ontogeny in Z. capellsis. Recent embryological information pertaining to the family is available in Nagendran and Dinesh (1989) , Johri et af. (1992) and Urs (1992) . It is clear from the foregoing that detailed embryological investigations in the tribe are lacking and the earlier studies are too fragmentary to allow proper phylogenetic analysis. An investigation of unstudied genera is therefore highly desirable for a bellcr understand ing of the embryology of this diverse and interesting tribe. The present study deals with the development of the mkrosporangium, male gametophyte, megasporangium, fema le gametophyte and endosperm in lamesbrittenia microphylla (L.f.) Hilliard.
Materials and Methods
The observalions are based on formalin-acetic acid-alcohol (FAA) tixcd material of J. microphylla obtained from Prof. B.L. Robertson and Dr M.e. Olivier of the University of Port Elizabeth, South Africa. The material was processed for microtomy by the methods of dehydration, infiltration and embedding in paraffin wax (Nagendran et al. 1977) . Sections were cut between 8 and 13 11m in thickness and stained in Heidenhain's iron alum-haematoxylin with crythrosin in clove oil as counterstain. The voucher specimen has been deposited in the herbarium of the University of Mysore. Manasa Gangothri campus. India.
Results

Microsporangium and male gametophyte
The anther is bilobed, bilocular and bisporangiate. Each anther bears only two elongate microsporangia. Quite early during deve lopment, a hypodermal arc hesporium of den se protoplasmic and large nucleated cells is organized at two sites in the young anther (Figures 1 & 2) . Periclinal divi sions in the archesporium cells lead to the outcr primary parietal and the inner primary sporogenous layers, respectively (Figure 3) . While the former, by further periclinal divisions, contributes to the wall layers of the microsporangium, the latter builds up the sporogenous tissue (Figure 4) . The microsporangium wall comprises the epidermis. an endothecium, a middle layer and the secretory type of tapetum (Figures 6 & 7) . During anther wall development, the endothecium and the middle layer arise as sister layers (Figure 4) . The tapetal layer is of dual origin. During the organization of the tapetum, in the parietal layer, a group of cells adjacent to the connective of the anther become richly protoplasmic and conspicuous. These cells ultimately align with the tapetal strip organized by the parietal layer, thus forming a continuous sheath of tapelum enclosing the sporogenous tissue (Figures 5 & 6) . Meanwhile, the pollen mother cells derived from the sporogenous tissue divide meiotically to produce tetrahedral micros pore tetrads (Figures 7-14) . Cytokioesis of the pollen mother cells is simultaneous 
Megasporangium and female gametophyte
In each lacule of the bi locular ovary. there arise small finger~shaped ovular primordia on the axile placenta. Each of 2 i) .. . . , . . ,
s. Arr. 1. BoL. 1996. 62(2) these develops into a unitegmic, tenuinucellate, and analTopouS ovule. A hypodermal archesporia] cell differentiates in the young ovular primordium even before the integu mentary primordium appears ( Figure 17 ). Following enlargement, it directly functions as the megaspore mother cell ( Figure 18 ). Cytokinesis in the megaspore mother cell accompanies meiosis and the chalaza I megaspore of a linear tetrad gives ri se to the Polygonum ty pe of embryo sac which is 8-nucleate and bipolar The egg apparatus in the organized embryo sac consists of (wo prominent pyriform, posteriorly vacuolate sy nergids and a pear-s haped anteriorly vac uolate egg. The antipodal cells are qui te conspicuous and have a definite arrangement. The second~ ary nucl eus. formed as a result of the fusion of two polar nuclei, lies in the centre of the mature gametophyte. At maturity, an endothelium of richly protoplasmic cells surrounds the embryo sac except at the extreme micropylar and chalazal ends ( Figure   24 ).
Endospe rm
Fertili zation is porogamous. After double fertili zation. the embryo sac has the pear-shaped zygote at its micropylar end and the degenerating remains of the antipodal cells at the chalazal end. In the central cell, the conspicuously large primary endosperm nucleus li es at the centre of the dense protoplasmic endosperm mother cell (Figurc 25). The first divisi on of the endosperm mother cell is transverse and occurs much earlier than that of the zygote. Conseque nt ly, two primary endosperm chambers are organi zed (Figure 26) . The nex t division in both chambers is vertical. This results in two juxtaposed cells in each chamber (Figure 27 ). However, the two cells of the primary chalaza I chamber do not divide further; they directly form the chalazal haustorium. A vertical wall is soon laid down in the primary micropylar chamber, producing four circumaxial cells (Figure 28) . Further, a transverse divi sion in these cells delimits an upper tier of fou r ce ll s, constituting the micropylar haustorium. from a lower tier of four cells, which function as the initials of the endosperm lissue proper (Figure 29) .
The four ce lls of the single-tier mic ropy lar haustorium elongate and acquire dense contents (Figures 30. 31) . The termina l ends of the haustorial cells become swollen as their margins devcl op fringed lobation, which makes the haustorium an efficient absorptive organ. Meanwhile, the two uninucleate cells of the you ng chalazal haustorium elongate and extend towards the terminal end of the chalazal vascu lature of the seed. The hausto· ri al cell s accu mulate rich cytoplasmic contents and their nuclei acquire deep staining capacity (Figures 32. 33) .
The initials of the endosperm proper divide a number of times to finally build up the bulk of the endosperm tissue in which the developing embryo beco mes lodged. The endothelial cel ls sur- rounding the endosperm actively divide [Q keep pace with the increase in the bulk of the storage ti ssue (Figures 30 & 32) . Further development of the seed, including the detail s of embryogeny could not be traced because of the limited availability of the plant materiaL
Discussion
Many different types of embryologica l data are available for so lvi ng particular taxonomic problems. The features of taxonomic significance are: anther, male gametophyte, ovule, archesporium, megasporogenesis, female garnetophyte, fertilization, endosperm, embryogeny, seed coat, and special features of apomixis and polyembryony (Stuessy 1990) .
The anther in J. microphylla, as in all other Manuleae, is bisporangi atc. The development of the microsporang iurn wall is of the dicotyledonous type (Davis 1966). The origi n of the tapetum is dual (Pcriasarny & Swamy 1966) and it remains single-layered on the wall side but becomes 2-3-layered on the connective side of the anther lacule. Such a feature is rather uncommon in the taxa of the family investigated.
In the mode of development of the female gametophyte. 1. microphylla is similar to the rest of the Manuleae. in conforming to the Polygonum type. As in Z. capensis and S. joetida, an endothelium almost su rrounds the embryo sac of J . microphylla. S. Afr. I. Bol. 1996.62(2) Similarly, the presence of abundant, highl y refractive starch grains observed in the central ce ll cytoplasm of the mature gametophyte of J. microphylla has also been recorded for S. foetida and Z. capellsis.
The endos perm in the present study conform s wi th the other investi gated taxa of the Manuleae in being ab initio cellular with well-organized micropy lar and chalazal haustoria. A 2-celled chalaza l haustorium, as noted in J. microphylia, has also been recorded in the three other investigated species of the Manu leae. However. lunell (1962) , afte r studying S. foetida (as Chaeno· stoma foetidum) remarked, 'I have noticed that the chalazal portion may remain I-celled even when the four longitudinal cells have formed in the upper port ion, a fact which of course could be due to delayed cell division although it seems more likel y that the chalazal portion occasionally remains l -celJed'. This type of development has not been observed in the present study.
In L violacea, Crete (1949) reported a 4·celled chalaza I haus· torium. Junell (1961) , after inves ti gating the same taxon, co ncluded that the chalaza! haustorium is 2-celled. After examining J. microphylla, it is logi cal to conclude that 2-ccllcd chalazal haustorium is the norm in the Manuleae.
The micropylar haustorium in all the investigated species of the Manuleae, including the present study. is uniformly 4-celled and all four cells arc present in one tier. Nevertheless, the appearance of the haustorium varies in the different taxa thus far studied. In Z. capeTlSis, the haustoria I cells appreciably increase in length and are not aggre ssive, as they contain scant amounts of cytoplasm and do not have particularly large nuclei. On the other hand. in 1. microphylla, the terminal ends of the elongated cell s of the micropylar haustorium become enlarged as their margins develop and extend into the surrounding tissues of th e seed coat. thus ind icati ng the aggressive nature of the haustorium.
As Hilliard ( 1994) pointed out, there is curremly no satisfactory tribal classification of the Scrophulariaceae; indeed doubt has been expressed whether the family is monophyletic (Barringer 1984) . The relationships and placement of the Manuleae within the Scrophulariaceae are a problem that will be solved by future taxonomists. Detailed investigations have proved one point: the close relation ship of the tribes Manull!ae and Selagineae is unquestionable (see Argue 1993; Hilliard 1994) . Unfor· tun ately. as pointed out by Hilliard (1994 Hilliard ( ). lunell's (1961 important work on the ovarian morphology was not recognized by some taxonomists (Dah lgren 1980; Cronquist 1981; Mabber· ley 1987) . He had very clearly concluded that ' the morphology of the ovary obviously confirms the opinion that Selagincac is a tribe within the Scrophulariaceae' (Junell1961, p. 190) .
The Manuleae and the Selagineae possess perfectly sy nthccous. dorsifixed anthers. Nearly all the genera of the Manuleae and all of the Selagineae have a lingulate stigma with marginal papillae, and a unique dorsal nectariferous gland at the base of the ovary. Also, the fonn of funicle and the unicellular. clavate hairs inside the corolla are common to both groups (Hilliard 1994). In his detailed palynological study. Argue (1993) con· cluded that 'The pollen data support a close relati onship between the Manuleae and Selagineae. as well as the separation of the Selagineae from the Globulariaceae ·. Hilliard (1 994). after an ex haustive stud y, concluded that the presence of a single carpel with an apical pendulous ovu le in the Gl obulariaceae and in so me ge nera of the Selagineae indicates convergence. not affinity. The many characters shared by the Selagineae and the Manuleae confirm their close relationship.
Embryological findings support the views of Argue (1993) and Hilliard (1994) . Both tribes are characterized by possessing bisporangiatc anthers, Polygon um type of embryo sac, ab initio cellular type of endosperm with a 2-celled chalazal and a 4-celled micropylar haus(Qrium , and Onagrad type o f embryo-geny. Moreover, the sequence of divi sions during early endosperm formation and the subsequem delimitation of haustoria is essen ti ally the same in bot h the tribes (Raj u 1973; Johri el al. 1992 ).
